A majority of studies have indicated that microRNA-125b (miR-125b) is aberrantly expressed in various types of cancer. However, there are no studies on the expression and function of miR-125b in human laryngeal squamous cell carcinoma (LSCC). In the present study, miR-125b expression in LSCC sample tissues, corresponding adjacent non-neoplastic tissues, LSCC cell lines and a normal human keratinocyte cell line was measured using the reverse transcription-quantitative polymerase chain reaction. Following transfection with miR-125b mimics, the Cell Counting Kit-8, cell migration, cell invasion, western blotting and dual-luciferase reporter assays were performed on LSCC cell lines. According to the results, miR-125b was observed to be significantly downregulated in LSCC, and its expression was significantly associated with clinical stage and alcohol history. miR-125b was also observed to decrease cell growth, migra tion and invasion in LSCC cells by directly targeting signal transducer and activator of transcription 3. The results of the present study suggested that miR-125b may be a potential treatment target of LSCC in the future.
Introduction
Laryngeal carcinoma, the second most common type of head and neck malignancy, accounts for ~2.4% of all newly diagnosed malignant tumors (1) . In the United States, it is estimated that there will be 13,360 new cases of laryngeal carcinoma and 3,660 associated mortalities in 2017. Among these estimated new cases and mortalities, males account for 79.12% of the new cases and 80.33% of the mortalities (2) . This is primarily due to tobacco and alcohol abuse, and results in substantial annual morbidity and mortality (3) . Laryngeal squamous cell carcinoma (LSCC), the most common subtype of laryngeal carcinoma, accounts for >95% of laryngeal carcinoma cases (4) . Currently, the primary therapeutic strategy for LSCC is surgical intervention or total laryngectomy, followed by radiation therapy and chemotherapy (5) . These treatments have a favorable curative effect on early-stage patients; however, are associated with a poor prognosis in more advanced-stage cases (6) . Despite improvements in the diagnosis and treatment of LSCC, the 5-year survival rate has not significantly increased in the past 20 years (7) . Therefore, an improved understanding of the molecular mechanisms of LSCC carcinogenesis and progression is essential in the development of novel diagnostic and therapeutic targets for patients with LSCC.
MicroRNAs (miRNAs) have been demonstrated to be a novel method of gene regulation mechanism (8) . miRNAs are a large family of small (22-25 nucleotides in length) non-protein-coding, endogenous and single-stranded RNAs, which regulate post-transcriptional gene expression through association with the 3'-untranslated region (UTR) of target mRNAs, resulting in mRNA degradation or translational inhibition (9, 10) . Currently, >30% of human protein-coding genes are considered to be accommodated by miRNAs (11) . Increasing evidence suggested that miRNAs serve a critical role in a number of physiological and pathological processes, including cell growth, development, differentiation, apoptosis, survival, migration and invasion (12, 13) . The abnormal expression of miRNAs is hypothesized to be involved in various types of human cancer, including human LSCC (14) (15) (16) . Dysregulated miRNAs may function as tumor suppressors or oncogenes, in the carcinogenesis and development of various types of human cancer (17) . These results suggested that miRNAs may be a novel target for LSCC therapy.
A majority of studies have indicated that miRNA-125b (miR-125b) is aberrantly expressed in various types of cancer (18) (19) (20) . However, to the best of our knowledge, there are currently no studies on miR-125b in LSCC. In the present study, the expression and function of miR-125b in LSCC was investigated. The results of the present study demonstrated that miR-125b was markedly downregulated in LSCC tissues and cell lines. The statistical analysis also indicated that the expression level of miR-125b was significantly associated with clinical stage and alcohol history in patients with LSCC. Upregulation of miR-125b decreased cell growth, migration MicroRNA-125b targeted STAT3 to inhibit laryngeal squamous cell carcinoma cell growth and motility and invasion by directly targeting signal transducer and activator of transcription 3 (STAT3). These results suggested that miR-125b may be investigated for further therapy in patients with LSCC. . qPCR was subsequently performed using SYBR ® Premix Ex Taq ™ II (Takara, China) and the ABI 7300 Real-Time PCR detection system, according to the manufacturer's protocol. The thermocycling conditions for qPCR was as follows: 5 min at 95˚C; followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. The primer sequences used for qPCR were: miR-125b forward, 5'-GCU CCC UGA GAC CCU AAC-3' and reverse, 5'-CAG TGC AGG GTC CGA GGT-3'; U6 forward, 5'-CGC TTC GGC AGC ACA TAT ACT A-3' and reverse, 5'-GCG AGC ACA GAA TTA ATA CGA C-3'; STAT3 forward, 5'-CCC ATA CCT GAA GAC CAA GTT TAT C-3' and reverse, 5'-TGG AAA TAA TGG TGA AGG TGC TG-3'; GAPDH forward, 5'-TGC ACC ACC AAC TGC TTA-3' and reverse, 5'-GGA TGC AGG GAT GAT GTT C-3'. Results were quantified using the 2 -ΔΔCq method (21) .
Materials and methods

Clinical
Cell Counting Kit-8 (CCK8) assay. The role of miR-125b on LSCC cell proliferation was evaluated using the CCK8 assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). A total of 24 h following transfection, 3000 AMC-HN-8 cells were added into each well of 96-well plates in triplicate. At various times (24, 48, 72 and 96 h) following treatment, the CCK8 assay was performed. A total of 10 µl CCK8 solution was added into each well and incubated for 2 h at 37˚C. The optical density at 450 nm for each well was measured using an ELISA reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The suppression rate was calculated using the following formula: Suppression rate=(1-OD miR-125b /OD NC ) x100. Each experiment was performed at least three times.
Migration and invasion assay. The function of miR-125b in cell motility was measured using Transwell chambers (Costar; Corning Incorporated, Corning, NY, USA) with 8-µm pore polycarbonate membranes. A total of 48 h following transfection, 3x10 4 AMC-HN-8 cells in 200 µl DMEM without FBS were added into the upper chamber of the Transwell chamber in a 24-well plate. In the lower chamber, 500 µl DMEM containing 20% FBS was used as a chemoattractant. The Transwell chamber was precoated with Matrigel (BD Biosciences, San Jose, CA) for the invasion assay and without Matrigel for the migration assay. Cells were incubated at 37˚C for 24 h. The chambers were subsequently fixed with 100% methanol for 10 min and stained with 0.1% crystal violet for 5 min at room temperature. Cells that did not migrate or invade through the membrane were removed using a cotton swab. The membranes were subsequently viewed under an inverted microscope and images were captured (magnification, x200). All the experiments were performed in triplicate.
Bioinformatic analysis. The potential targets of miR-125b were analyzed using miRanda (http://www.microrna.org) and TargetScan (http://www.targetscan.org/).
Western blot analysis.
A total of 72 h following transfection, cells were lysed in cold radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology, Haimen, China) containing protease and phosphatase inhibitors. Bicinchoninic Acid Assay kit (Beyotime Institute of Biotechnology) was used to determine the protein concentrations. Equal amounts of protein were subjected to SDS-PAGE and subsequently transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). The membranes were blocked with 5% non-fat milk at room temperature for 2 h, and subsequently incubated with primary antibodies against STAT3 (1:1,000 dilution; catalog: #9139; Cell Signaling Technology, Inc., Danvers, MA, USA) and β-actin (1:1,000 dilution; sc-130065; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 4˚C overnight. Membranes were washed with TBS containing 0.1% Tween-20 and incubated with the corresponding horseradish peroxidase-conjugated secondary antibody (1:5,000 dilution; sc-2005; Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. The bound antibodies were visualized using an enhanced chemiluminescence kit (GE Healthcare Life Sciences, Chalfont, UK) and analyzed using Quantity One software (Bio-Rad Laboratories, Inc.).
Dual-luciferase reporter assay. The human LSCC cells, plated in a 24-well plate at ~70% confluence, were transfected with miR-125b mimics, NC and cotransfected with luciferase reporter plasmids (pGL3-STAT3-3'UTR-Wt or pGL3-STAT3-3'UTR-Mut) using Lipofectamine 2000. A total of 48 h following transfection, Renilla and firefly luciferase activities were measured using the Dual-Luciferase Reporter assay system (Promega Corporation), according to the manufacturer's protocol. Renilla luciferase activity was used as a control. Each sample was assayed in triplicate.
Statistical analysis. Data were presented as the mean ± standard deviation and compared using two-tailed Student's t-test or one-way analysis of variance using SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA). The SNK method was applied to compare between two groups in multiple groups. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-125b expression is downregulated in LSCC.
The expression of miR-125b in 52 paired LSCC tissues and corresponding adjacent non-neoplastic tissues was studied using quantitative RT-PCR. As presented in Fig. 1A , miR-125b was significantly Table I . Association between the expression of miRNA-125b and clinicopathological factors in patients with laryngeal squamous cell carcinoma. downregulated in LSCC tissues compared with the corresponding adjacent non-neoplastic tissues (P<0.05). In addition, the expression level of miR-125b in an LSCC and normal human keratinocyte cell line was detected. As presented in Fig. 1B , miR-125b was also significantly downregulated in AMC-HN-8 cells compared with HaCaT cells (P<0.05). These results indicated that miR-125b may serve important roles in LSCC.
To investigate the roles of miR-125b in LSCC cells, miR-125b mimics were transfected into AMC-HN-8 cells using Lipofectamine 2000. To assess the transfection efficiency, RT-qPCR was performed following transfection. As presented in Fig. 1C , miR-125b was significantly upregulated in cells transfected with miR-125b mimics compared with cells transfected with the NC (P<0.05).
Association between miR-125b expression and clinicopathological features of patients with LSCC.
To investigate whether miR-125b expression was associated with the clinicopathological features of patients with LSCC, statistical analysis was used. As presented in Table I , the statistical analysis demonstrated that miR-125b expression was significantly associated with clinical stage (P= 0.043) and alcohol history (P= 0.010). However, there were no statistically significant associations between miR-125b expression and other clinicopathological features (P>0.05).
miR-125b decreases cell growth, migration and invasion in AMC-HN-8 cells.
The CCK8 assay was performed to investigate the roles of miR-125b on cell growth. As presented in Fig. 2 , miR-125b significantly decreased cell growth in AMC-HN-8 cells compared with the NC (P<0.05). The inhibition rate of miR-125b in AMC-HN-8 cells was 26.51±3.5%.
Transwell chambers were used to investigate the roles of miR-125b in cellular migration and invasion. As presented in Fig. 2B , miR-125b significantly inhibited AMC-HN-8 cell migration and invasion compared with the NC (P<0.05). The results revealed that miR-125b serves a suppressive role in LSCC cell motility.
STAT3 is a direct target gene of miR-125b in vitro.
To investigate the target genes of miR-125b, public databases (miRanda and TargetScan) were used. STAT3 was predicted to be a potential target of miR-125b (Fig. 3A) . Subsequently, RT-qPCR and western blot analysis were performed to investigate the regulation of miR-125b on STAT3 expression at the mRNA and protein level in LSCC cells. As presented in Fig. 3B and C, STAT3 was significantly downregulated in AMC-HN-8 cells trans fected with miR-125b compared with cells transfected with the NC (P<0.05). Dual-luciferase reporter assays were also performed to determine whether STAT3 was a direct target gene of miR-125b. As presented in Fig. 3D , luciferase activity was significantly downregulated in the miR-125b mimics and pGL3-STAT3-3'UTR-Wt group, whereas there was no statistical difference in the miR-125b mimics and pGL3-STAT3-3'UTR-Mut group, compared with the respective NC groups. These results indicated that STAT3 was a direct gene of miR-125b in vitro. 
Discussion
miR-125 has two subtypes, miR-125a and miR-125b. miR-125b is encoded by the miR-125b-1 and miR-125b-2 genes, which are mapped to 11q24.1 and 21q21.1, respectively. However, miR-125b-1 and miR-125b-2 precursors are processed to form the same mature miRNA, miR-125b (22) . miR-125b has been observed to be downregulated in various types of cancer, including oral cancer (23), bladder cancer (18), liver cancer (19) , osteosarcoma (20) and endometrial cancer (24) . Previous studies have also demonstrated that miR-125b was upregulated in a number of types of cancer, including prostate cancer (25) , glioblastoma (26) and pediatric acute promyelocytic leukemia (27) . However, there are no studies investigating the expression of miR-125b in LSCC. In the present study, it was observed that miR-125b was downregulated in LSCC tissue samples and cell lines. The statistical analysis also demonstrated that the expression level of miR-125b was associated with the clinical stage and alcohol history of patients with LSCC. The results suggested that miR-125b may serve important roles in LSCC.
Currently, the majority of studies have demonstrated that miR-125b functions as a tumor suppressor. For example, in bladder cancer, miR-125b inhibited cell proliferation and motility, and enhanced cell apoptosis by regulating the expression of nicotinamide-adenine dinucleotide-dependent protein deacetylase sirtuin-7 and matrix metalloproteinase-13 (22, 28) . Furthermore, miR-125b decreased bladder cancer cell colony formation efficiency in vitro and the development of tumors in nude mice by targeting transcription factor E2F3 (18) . In osteosarcoma, Liu et al (20) reported that miR-125b suppressed cell proliferation and migration via inhibition of STAT3. In endometrial cancer, miR-125b targeted receptor tyrosine-protein kinase erbB-2 to inhibit cell invasion (24) . In human liver cancer, miR-125b was demonstrated to inhibit cell proliferation, migration and invasion by targeting LIN28B2 (19) . Upregulation of miR-125b increased human hepatocellular carcinoma (HCC) cell sensitivity to 5-FU by regulating the expression of hexokinase II (29) . However, miR-125b has also been verified to be an oncogene. In prostate cancer, miR-125b enhanced prostatic xenograft tumors proliferation through downregulation of p53 and Bcl-2-binding component 3 (30) . In glioblastoma, Wu et al (26) verified that miR-125b was upregulated and significantly associated with poor prognosis. miR-125b functioned as an oncogene by suppressing cellular apoptosis and enhancing cellular proliferation. These opposing studies indicated that the functions of miR-125b in cancers are tissue-type dependent. In the present study, miR-125b was demonstrated to inhibit LSCC cell proliferation, migration and invasion. The present study expanded the expression and functions of miR-125b in cancer.
Identification of miR-125b target genes is essential for understanding its functions in LSCC carcinogenesis and cancer development. It is also important for investigating novel targeted therapies of LSCC. In the present study, an important molecular association between miR-125b and STAT3 was verified. The STAT family consists of seven members (STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b and STAT6) and STAT3 is a central transcription factor in the STAT family (31) . In 1994, STAT3 was first verified to be an interleukin-6-activated acute-phase response factor (32) . Multiple studies demonstrated that STAT3 serves essential roles in a variety of human cancer types, including LSCC (33) (34) (35) . STAT3 serves important roles in mediating a number of oncogenic signaling pathways, including epidermal growth factor receptor signaling and Janus kinase (JAK)/STAT signaling pathways, and contributes to tumor physiological and pathological processes, including growth, survival, resistance to apoptosis, cell-cycle progression, angiogenesis and metastasis (36) (37) (38) . Inhibition of STAT3 by pharmacological agents and genetic interference, suppressed cell growth, metastasis, enhanced apoptosis and decreased carcinogenesis (39, 40) . These studies suggested that STAT3 may be a therapeutic target in the treatment of LSCC.
STAT3 has also been observed to be regulated by multiple miRNAs in a number of kinds of cancer. In HCC, miR-637 suppressed cell proliferation and enhanced cellular apoptosis through downregulation of STAT3 expression (41) . miR-124 also inhibited HCC cell growth by directly targeting STAT3 (42) . In pancreatic cancer, miR-130b decreased cell growth and invasion via inhibition of STAT3 (43) . In gastric cancer, miR-874 targeted the STAT3/vascular endothelial growth factor A signaling pathway and functioned as a tumor suppressor (44) . miR-375 was involved in helicobacter pylori-induced gastric tumorigenesis by inhibiting the activity of JAK2/STAT3 signaling (45) . However, there are no studies about the regulation of STAT3 by miRNA in LSCC. In the present study, upregulation of miR-125b in LSCC revealed that miR-125b decreases cell growth and motility through regulation of STAT3. These studies suggested that miR-125b/STAT3-based targeted therapy may be a novel treatment for LSCC.
In conclusion, to the best of our knowledge, this was the first study to demonstrate that miR-125b was downregulated in LSCC, and associated with clinical stage and alcohol history. In addition, it was also demonstrated that miR-125b decreases cell growth, migration and invasion by directly targeting STAT3 in LSCC. The results revealed that the expression and function of miR-125b and its target gene STAT3 in LSCC, may aid in understanding the molecular mechanism of tumorigenesis and development, as well as providing a theoretical basis to investigate miR-125b as a further treatment target in LSCC.
